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Figure 5a. Incidence of virus shedding from the eye following corneal scari?cation of mice 
with HSV-l (SC16) 

Day post lOug rEtxB + HSV-l gp 20|ig rEtxB + HSV-l gp 20p.g rEtxB + mock gp2 
infection (%)I (%) (%) 
1 0 3o 60 
2 60 so 95 
3 so so 95 
6 1o 0 7o 
7 1o 0 7o 
8 o 0 1o 
9 o o o 

1 Percentage of animals from which wash ?uid from the eye secretions revealed the presence of live 
viral particles in a plaque assay. 
2 Mock infected animals were given an inocnlum of glycoproteins prepared from uninfected tissue 
culture cells. 

Figure 5b. Clinical disease following corneal scari?cation of mice with HSV-l (SC16) 

Latencyl 
Corneal Oedema Lid Zosterifonn Encephalitis TGl TG2 TG3 
ulcers2 disease infec?on 

l0ug rEuzB 80% 0% 0% 0% 0% 22% l 1% 0% 
+ HSV'l gp 
20ug rEtxB 70% 0% 0% 0% 0% 80% 10% 0% 
+ HSV~1 gp 

20|ig rEtxB 80% 45% 55% 40% 40% 83% 30% 16% 
+ mock gp 

‘ Latency was determined by extraction of the trlgeminal ganglion (TG) from surviving‘ mice 2 
months after infection and coculturing with Vero cells. Figures given are for each of the lobes of 
the TG (TGl, TG2 and T63). 
’ Figures are percentage of animals showing signs of the described symptoms at any point during 
acute infection. Each mouse was examined on a daily basis during the ?rst 11 days of infection. 

N=l5 per group 
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FIG. 6 
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FIG. 7 
Adjuvant effect of different amounts of rEtxB or rCtB on the level of HSV-1 speci?c 

IgA in eye washings following administration with HSV-l glycoproteins 
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FIG 8. Distribution of subclasses following administration of HSV-1 Gp i.n. with 
either rEtxB or rCTB as adjuvant 
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FIGURE 12 

Level of HSV-l-speci?c immunoglobulin in sera from mice 
immunised with HSV-l glycoproteins in the presence of different 

doses of rEtxB as adjuvant 
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* antibody levels were measured by ELISA and are expressed as a percentage of the levels 
stimulated following ocular infection induced by scaii?ca?on with 105 pfu HSV-l strain SC16. 
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FIGURE 13 

Level of IgA in eye washings of mice immunised with HSV-l 
glycoproteins in the presence of varying concentrations of rEtxB 

% standard‘ 
9 8 

100 50 20 1O 5 1 0.10.01 0 

Dose of rEtxB (pg/dose) 

" antibody levels were measured by ELISA and are expressed as a percentage of the levels 
stimulated following ocular infection induced by scari?cation with 105 pfu HSV-l strain SC16. 



US. Patent Mar. 29, 2011 Sheet 12 0115 US 7,914,791 B1 

FIGURE 14 

Level of IgA in vaginal washings of mice immunised with HSV-l 
glycoproteins in the presence of varying concentrations of rEtxB 
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* antibody levels were measured by ELISA and are expressed asendpoint titres calculated using 
linear regression analysis. 
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FIGURE 15 

IgG subclass distribution of the serum antibody response to HSV-l 
following intransal immunisation with Ctx/CtxB or rETxB or 

ocular infection with HSV-l 
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VACCINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a national stage entry of PCT/GB99/ 
01461, ?led 10 May 1999, and claims priority bene?ts, under 
Title 35, United States Code §119, of GB 9809958.3, ?led 8 
May 1998, GB 9811954.8, ?led 3 Jun. 1998, and GB 
9812316.9, ?led 8 Jun. 1998. 

This invention relates to an immunomodulator for use in a 

vaccine Which is intended foruse against a range of infectious 
agents. Further this invention relates to a vaccine composition 
comprising the immunomodulator, preferably in combina 
tion With antigen and a vaccination method using the vaccine 
composition. 

Cholera toxin (Ctx) and its close relative E. coli heat-labile 
enterotoxin (Etx) are potent immunogens and mucosal adju 
vants. HoWever, their inherent toxicity makes them unsuit 
able for human use. For example, although Ctx is the most 
commonly used mucosal adjuvant in experimental animals, it 
is unsuitable for use in humans because of its potent diar 
rhoea-inducing properties. Attempts have been made to sepa 
rate toxicity from adjuvant activity, for example by using 
components of Ctx and Etx as replacements for the holotox 
ins themselves. E. coli verotoxin (V tx) is another knoWn 
bacterial toxin. 

Ctx and Etx are heterohexameric proteins composed of a an 
enZymatically active A subunit and a pentameric B subunit. 
CtxB and EtxB are knoWn to bind GM1-ganglioside (GM1), 
a glycosphingolipid found ubiquitously on the surface of 
mammalian cells. Vtx binds to Gb3 Which is a similar type of 
receptor to GM1. 

In an attempt to circumvent the problem of toxicity for 
vaccine development, the adjuvant activity of the non-toxic B 
subunits has previously been investigated. HoWever, many of 
the reports describe experiments in Which a commercial 
preparation of CtxB or EtxB Was used. These preparations are 
inevitably contaminated With a small but biologically signi? 
cant amount of active toxin, so the adjuvant activity attribut 
able to the B subunit is indistinguishable from the adjuvant 
activity of the Whole toxin (Wu and Russell (1993) Infection 
and Immrmity 61 : 314-322, US. Pat. No. 5,182,109). Subse 
quent studies using recombinant CtxB (rCtxB) have sug 
gested that CtxB is a poor mucosal adjuvant and only the 
addition of native holotoxin can provoke strong bystander 
responses (Tamura et al (1994) Vaccine 12: 419-426). Other 
studies have suggested that rCtxB lacks the ADP-ribosylating 
and the cAMP-stimulating activities of the holotoxin and that, 
as adjuvant mechanism is linked to these abilities, CtxB 
Would be unsuitable for use as an adjuvant (Vajdy and Lycke 
(1992) Immunology 75: 488-492, Lycke et al (1992) Eur. J. 
Immunol. 22: 2277-2281, Douce et al (1997) Infection and 
Immunity 65: 2821-2828). 

In another study, intranasal administration of ovalbumin 
using rCtxB as an adjuvant resulted in poor antibody 
responses. A non-toxic derivative of Ctx With a mutation in 
the A subunit also generated Weak responses to bystander 
antigens, Whereas the presence of an active A subunit dra 
matically enhanced adjuvant activity, suggesting that an 
active A subunit is essential (Douce et al (1997) as above). 

It has also been shoWn that rCtxB and rEtxB can be used to 
promote tolerance to heterologous antigens (Sun et al (1994) 
Proc. Natl. Acad. Sci. 91: 4610-4614, Sun et al (1996) Proc. 
Natl. Acad. Sci. 93: 7196-7201, Bergerot et al (1997) Proc. 
Natl. Acad. Sci. 94: 4610-4614, Williams et al (1997) Proc. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

2 
Natl. Acad. Sci. 94: 5290-5295), suggesting that these mol 
ecules Would be unsuitable for use as adjuvants. 
The Basis of the Present Invention 

In spite of the teaching in the art that CtxB and EtxB have 
poor adjuvanticity and can, in fact, act as tolerogens, the 
present inventors nevertheless investigated the use of rEtxB 
(thus containing no residual holotoxin or A subunit) in an 
intranasal vaccine for HSV in a murine model and surpris 
ingly found that it is able to stimulate protective immune 
responses to viral challenge. Speci?cally, the present inven 
tors found that: 

i) agents such as EtxB and CtxB stimulate high levels of 
local (mucosal) antibody production (although immunization 
using rEtxB stimulated loWer levels of overall serum antibody 
production than Ctx/CtxB combined); 

ii) the distribution of antibodies produced Was skeWed 
toWards non-complement ?xing antibodies, especially S-IgA 
and IgG1; 

iii) agents such as EtxB and CtxB also stimulated local and 
systemic T-cell proliferative responses; 

iv) agents such as CtxB and EtxB tend to shift the immune 
response from a Th1-associated response to a Th2-associated 

response; 
v) When agents such as CtxB and EtxB are used as immu 

nomodulators some of the harmful effects of Th2-associated 
responses, such as the generation of IgE, are avoided; 

vi) rEtxB is a more e?icient immunomodulator than rCtxB; 
vii) agents such as EtxB and CtxB are capable of altering 

the Way in Which an antigen presenting cell intemalises and 
processes antigen, increasing antigen persistence; 

viii) if an agent such as EtxB and CtxB is linked to an 
antigen, it is possible to alter the processing route of the 
antigen by altering the linkage to the immunomodulator; and 

ix) VtxB exerts similar immunomodulatory effects on leu 
kocyte populations in vitro to those exerted by EtxB and 
CtxB. 

These important discoveries are the basis of the various 
aspects of the present invention and enabled the inventors to 
predict that pure EtxB, CtxB and VtxB, as Well as other agents 
capable of binding to or mimicking the effect of binding to 
GM1 or Gb3, Will be useful as immunomodulators for use in 
vaccines in the prophylactic and therapeutic vaccination 
against HSV-1 infection, as Well as other infections, the pre 
vention or treatment of Which Would bene?t from immuno 
modulation of the types listed above. 
Stimulation of Immune Responses 

EtxB, CtxB, VtxB and other agents capable of binding to or 
mimicking the effects of binding to GM1 or Gb3, are capable 
of acting as immunomodulators and stimulate speci?c 
immune responses to antigenic challenge. 

According to a ?rst aspect of the present invention, there is 
provided the use of: 

(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GM 1 -binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 

(iii) an agent having an effect on intracellular signalling 
events mediated by GM1-binding or Gb3 binding; 

as an immunomodulator for a vaccine against infectious 
diseases. 

According to a second aspect of the present invention, there 
is provided a vaccine composition for use against an infec 
tious disease, Which infectious disease is caused by an infec 
tious agent, Wherein the vaccine composition comprises an 
antigenic determinant and an immunomodulator selected 
from: 
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(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GM1-binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 

(iii) an agent having an effect on intracellular signalling 
events mediated by GM1-binding or Gb3 binding; 

Wherein said antigenic determinant is an antigenic deter 
minant of said infectious agent. 

The antigen and immunomodulator may be linked, for 
example covalently or genetically linked, to form a single 
effective agent. In a speci?c embodiment of this invention the 
antigen and immunomodulator may be chemically conju 
gated. For example, the antigen and immunomodulator may 
be chemically conjugated using heterobifunctional cross 
linking reagents. In most applications of this aspect of the 
invention, separate administration (in Which the antigen and 
immunomodulator are not so linked) is preferred because it 
enables separate administration of the different moieties. 

According to a third aspect of the present invention, there is 
provided a kit for vaccination of a mammalian subject, such 
as a human or veterinary subject, against an infectious dis 
ease, comprising: 

a) one of the folloWing agents: 
(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GM1-binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 

(iii) an agent having an effect on intracellular signalling 
events mediated by GM1-binding or Gb3 binding; and 

b) an antigenic determinant Which is an antigenic determi 
nant of the infectious disease, for coadministration With the 
said vaccine immunomodulator. 
The vaccine composition of the second aspect of the inven 

tion and the kit of the third aspect of the invention may be used 
in a prophylactic or therapeutic vaccination method, Where a 
“prophylactic vaccine” is administered to naive individuals to 
prevent disease development, and a “therapeutic vaccine” is 
administered to individuals With an existing infection to 
reduce or minimise the infection or to abrogate the immuno 
pathological consequences of the disease. 

Agents such as EtxB have the capacity to alter the nature of 
the immune response once infection has occurred. A thera 
peutic vaccine (i.e. one Which need not contain antigen) com 
prising such an agent may ?nd particular use in circumstances 
in Which the immune response has failed to get rid of an 
infection. This application may be of particular use to treat a 
chronic disease, for example a disease for Which the causative 
agent is selected from the group consisting of herpes viruses, 
hepatitis viruses, HIV, TB and parasites. 

According to a fourth aspect of the present invention there 
is provided a method of preventing or treating a disease in a 
host, Which method comprises the step of inoculating said 
host With a vaccine comprising at least one antigenic deter 
minant and an immunomodulator, Where the immunomodu 
lator is: 

(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GM1-binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 

(iii) an agent having an effect on intracellular signalling 
events mediated by GM1-binding or Gb3 binding. 

The vaccine may be packaged for coadministration and 
may be administered by a number of different routes such as 
intranasal, oral, intra-vaginal, urethral or ocular administra 
tion. Intranasal immunisation is presently preferred. When a 
vaccine is administered intranasally, it may be administered 
as an aerosol or in liquid form. 
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4 
The antigenic determinant and immunomodulator may be 

administered to the subject as a single dose or in multiple 
doses. 

In a ?rst embodiment the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
disease for Which the infectious agent is a member of the 
herpes virus family. For example, the infectious agent may be 
selected from the group consisting of HSV-l, HSV-2, EBV, 
VZV, CMV, HHV-6, HHV-7 and HHV-8. In particular, the 
infectious agent may be HSV-l, HSV-2, CMV or EBV. 

In this ?rst embodiment, the antigenic determinant is pref 
erably an antigenic determinant of an immediate early, early 
or late gene product (for example a surface glycoprotein) of 
the herpes virus. 

If the infectious agent is HSV-l or HSV-2, the antigenic 
determinant may be an antigenic determinant of a gene prod 
uct selected from the folloWing group: gD, gB, gH, gC or a 
latency associated transcript (LAT). 

If the infectious agent is EBV, the antigenic determinant 
may be an antigenic determinant of gp340 or gp350 or of a 
latent protein (for example EBNAs l, 2, 3A, 3B, 3C and -LP, 
LMP-l, -2A and 2B or an EBER). 

In a second embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
disease for Which the infectious agent is an in?uenza virus. 

In this second embodiment, the antigenic determinant is 
preferably an antigenic determinant of a viral coat protein (for 
example haemagglutinin and neuraminidase) or of an internal 
protein (for example, nucleoprotein). 

In a third embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
disease for Which the infectious agent is a parain?uenZa virus. 

In a fourth embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
disease for Which the infectious agent is respiratory syncytial 
virus. 

In a ?fth embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
disease for Which the infectious agent is a hepatitis virus. For 
example, the infectious agent may be selected from the group 
consisting of hepatitis A, B, C and D. In particular the infec 
tious agent may be hepatitis A or C. 

In a sixth embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against 
meningitis. In this sixth embodiment, the infectious agent 
may be selected from the group consisting of Neisseria men 
ingilidis, Haemophilus in?uenzae type B and Streptococcus 
pneumoniae. 

In a seventh embodiment, the immunomodulator of the 
?rst aspect of the invention, the vaccine of the second aspect 
of the invention, the kit of the third aspect of the invention and 
the method of the fourth aspect of the invention is used against 
pneumonia or a respiratory tract infection. In this seventh 
embodiment, the infectious agent may be selected from the 
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group consisting of Streptococcus pneumoniae, Legonella 
pneumophila and Mycobacterium tuberculosis. 

In an eighth embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
sexually-transmitted disease. In this eighth embodiment, the 
infectious agent may be selected from the group consisting of 
Neisseria gonnorheae, HIV-l, HIV-2 and Chlamydia tra 
chomatis. 

In an ninth embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
gastrointestinal disease. In this ninth embodiment, the infec 
tious agent may be selected from the group consisting of 
enteropathogenic, enterotoxigenic and enteroinvasive E. col i , 
rotavirus, Salmonella enteritidis, Salmonella typhi, Helico 
bacter pylori, Bacillus cereus, Campylobacter jejuni and 
Vlbl’lO cholerae. 

If the infectious agent is selected from the group consisting 
of enteropathogenic, enterotoxigenic, enteroinvasive, entero 
haemorrhagic and enteroaggregative E. coli, then the anti 
genic determinant may be an antigenic determinant of a bac 
terial toxin or adhesion factor. 

In a tenth embodiment, the immunomodulator of the ?rst 
aspect of the invention, the vaccine of the second aspect of the 
invention, the kit of the third aspect of the invention and the 
method of the fourth aspect of the invention is used against a 
super?cial infection. In this tenth embodiment, the infectious 
agent may be selected from the group consisting of Staphy 
lococcus aureus, Streptococcus pyogenes and Streptococcus 
mutans. 

In an eleventh embodiment, the immunomodulator of the 
?rst aspect of the invention, the vaccine of the second aspect 
of the invention, the kit of the third aspect of the invention and 
the method of the fourth aspect of the invention is used against 
a parasitic disease. In this eleventh embodiment, the infec 
tious agent may be selected from the group consisting of 
malaria, T rypanasoma spp., Toxoplasma gondii, Leishmania 
donovani and Oncocerca spp. 
Stimulation of Mucosal Immune Responses 

EtxB, CtxB, VtxB and other agents capable of binding to or 
mimicking the effects of binding to GMl or Gb3, are capable 
of speci?cally upregulating mucosal antibody production. 

The vaccine immunomodulator of the ?rst aspect of the 
invention, the vaccine composition of the second aspect of the 
invention and the kit of the third aspect of the invention are 
particularly effective against diseases Where protection from 
infection or treatment is effected in vivo by a mucosal 
immune response. For example, against diseases in Which, 
during infection, the infectious agent binds to, colonises or 
gains access across the mucosa. Examples of such diseases 
include, diseases caused by viruses (HIV, HSV, EBV, CMV, 
in?uenza, measles, mumps, rotavirus etc), diseases caused by 
bacteria coli, Salmonella, Shigella, Chlamydia, N. gon 
norhoea, T pallidium, Streptococcus species including those 
Which cause dental caries), and diseases caused by parasites. 

In a preferred embodiment of the second aspect of the 
present invention there is provided a vaccine against HSV-l 
infection comprising at least one HSV-l antigenic determi 
nant and an immunomodulator, Where the immunomodulator 
is: 

(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GMl -binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 
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6 
(iii) an agent having an effect on intracellular signalling 

events mediated by GMl -binding or G3b binding. 
Preferably the immunomodulator is EtxB. 
In a preferred embodiment of the third aspect of the present 

invention there is provided a kit for vaccination of a mamma 
lian subject against an HSV-l, comprising: 

a) a vaccine immunomodulator Which is: 
(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GM 1 -binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 

(iii) an agent having an effect on intracellular signalling 
events mediated by GMl -binding or G3b binding; and 

b) at least one HSV-l antigenic determinant, for coadmin 
istration With the said vaccine immunomodulator. 

According to a ?fth aspect of the invention there is pro 
vided the use of: 

(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GM 1 -binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 

(iii) an agent having an effect on intracellular signalling 
events mediated by GMl -binding or Gb3 binding 

to upregulate the production of antibodies at mucosal sur 
faces. The production of non-complement-?xing serum anti 
bodies may also be upregulated. Preferably, S-IgA is pro 
duced in accordance With the ?fth aspect of the invention. 

In this ?fth aspect of the present invention, the agent may 
be used in conjunction With one or more antigenic determi 

nant(s). 
DoWnregulating the Pathological Components of Immune 
Responses 
The inventors also found that When pure EtxB Was used as 

an immunomodulator in the described Way, the harmful 
effects of Th2 associated responses, such as the generation of 
high levels of potentially pathological IgE, Were avoided. 
Despite this, the immune response triggered by the use of 
EtxB (or CtxB or VtxB) as an immunomodulator appears to 
favour the induction of Th2-associated cytokines. In other 
Words EtxB (or CtxB) induces a shift from a Thl- to a Th2 
type response. This has enabled the inventors to predict that 
pure EtxB, CtxB or VtxB, as Well as other agents capable of 
binding to or mimicking the effect of binding to GMl or Gb3, 
Will be capable of doWn regulating pathological components 
of the immune response associated With both Th1 and Th2 
activation. 

According to a sixth aspect of the present invention, there 
is provided the use of: 

(i) EtxB, CtxB or VtxB free from Whole toxin; 
(ii) an agent other than EtxB or CtxB, having GM 1 -binding 

activity, or an agent other than VtxB having Gb3-binding 
activity; or 

(iii) an agent having an effect on intracellular signalling 
events mediated by GMl -binding or Gb3 binding; 

to doWnregulate the pathological components of Th2-as 
sociated immune responses. The pathological components of 
Thl-associated immune responses may also be doWn-regu 
lated. 

It is knoWn that EtxB and CtxB bind to GMl and induce 
differential effects on lymphocyte populations, including a 
speci?c depletion of CD8+ T cells and an associated activa 
tion of B cells (WO 97/02045). Hence, EtxB and CtxB are 
thought to alter the balance of the immune response such that 
in?ammatory Th1 associated reactions are doWn-regulated 
While Th2 associated responses are upregulated. Th1 
responses include the secretion of YIFN by activated T-cells 
leading to macrophage activation and delayed type hypersen 
















